mately 1500 major thoracic surgical procedures, including open heart operations, are performed each year. This unit functioned from 1958 to 1965 in a slightly modified general thoracic surgical ward but since last year has been housed in a specially designed area that permits isolation, reduces the risk of cross-infection to a minimum and makes working conditions for personnel as attractive as possible (Fig. 1) . The unit has a small recovery area with three beds for the care of outpatients undergoing diagnostic procedures such as mediastinoscopies and angiocardiograms, and is situated on the same floor as the operating theatres. The main intensive care unit has two single-bedded rooms suitable for the treatment of isolation cases according to fever hospital principles, two more fully equipped rooms of two beds each and two recovery areas, each with two beds. The first four rooms have facilities for disposal or decontamination of soiled articles and connections for an artificial kidney. Large transparent windows set into the dividing walls of these rooms enable the staff to observe their colleagues in the adjacent rooms and this reduces their sense of isolation. The standard equipment available (Fig. 2) includes closed circuit television, an intercommunications system and a special alarm system that is independent of the general hospital telephone system. As is apparent from Fig. 1 , fully half the unit is 'ancillary space' housing a blood-gas laboratory with full-time technicians, duty officers' and personnel rest room. The entire ward is air-conditioned and is staffed by a permanent complement of fifteen certified nurses, six nurse assistants, fourteen technicians, three orderlies and some extra technicians (total staff of about fifty people) working a shift system. The hospital authorities run a special course for the intensive care unit staff.
Respiratory problems
Long-standing pulmonary disease that reduces respiratory reserve, and post-operative complications such as atelectasis, retained bronchial secretions and intrathoracic fluid accumulation often result in post-operative hypoxia or respiratory acidosis that can be tolerated by a healthy subject but not by the high-risk patients that we treat. Early detection of these disorders by clinical means is usually not possible and we have found it necessary and worthwhile to measure arterial oxygen tensions and saturation, arterial carbon dioxide and pH and measure respiratory work. Crafoord (1938) suggested that increased respiratory work in these circumstances may contribute to respiratory and circulatory failure, and further studies (Bjork & Engstrom, 1955; Damman etal., 1963; Grenvik, 1966) which have contributed to this view are substantiated by oxygen uptake measurements during spontaneous and controlled ventilation (Engstroim, Herzog & Norlander, 1961) , especially in cardiac failure following open-heart procedures (Figs. 3 and 4) when oxygen consumption may be reduced from 13 % to 50% when mechanical ventilation replaces spontaneous respiration.
Respiratory care
When lung function is impaired, or cardiac failure or a greatly increased heart-size ( > 600 cm2/ m2) is present, it is routine to follow arterial bloodgases during the anaesthesia and immediately after. If Pao2 decreases during anaesthesia in spite of high concentrations ofinspired oxygen (Pao2 < 80 mmHg), the endotracheal tube is usually kept in place after the operation and the patient is transferred to the intensive care unit and connected to an Engstrom respirator. The estimation of pulmonary function, and the degree of right-to-left shunting during anaesthesia and post-operatively, is facilitated by the use of the Engstrom machine for the administration of ventilation and volatile anaesthetics as it allows any mixture of oxygen with room air and nitrous oxide. The shunts may be approximately estimated by the use of the following formula: Q PAo2-Pao2
PAo2 -Pao2 assuming a Pao2 > 150 mmHg (Gordh, Linderholm & Norlander, 1958 (range 3 1-20'9%) of systemic output post-operatively immediately after the end of surgery (Thung & Norlander, 1966) (Table 1) .
Due to the favourable gas-flow characteristics of the Engstrom respirator and its mode of operation (Engstrom, 1963) (Sabar et al., 1965) . The static or no-flow period at the end of each inspiratory period allows us to draw conclusions from the changes in compliance, a clinically most important observation with reference to left-auricular pressure and the development of pulmonary oedema. Negative pressures during the expiratory phase are practically never used and no need has been found for frequent deep sighs from the respirator as based on blood-gas analysis. The respiratory frequency is usually around 18-20/min and the ventilatory volumes around 8-14 I/min, depending on the size of the (Engstrom & Herzog, 1959) . This is explained by an increased metabolism and an increased dead-space/tidal-volume ratio (Freeman & Nunn, 1963; Hedley-Whyte et al., 1965; Grenvik, 1966; Thung & Norlander, 1966) . The Engstrom respirator has been used for more than 10 years in our service. All categories of personnel have a thorough knowledge of its use and management. This adds to the safety of the treatment and is a guarantee that technical mistakes are not made.
Humidification
Adequate humidification is assured by the use of an ultrasonic nebulizer in the respiratory circuit. This device, introduced for respirator treatment in our clinic in 1962 has a capacity of humidification with aerosol particles of 0.8-1 0 p with a relative humidity of over 100% at 37°with oxygen at ventilatory volumes of over 20 I/min (Herzog, Engstrom & Norlander, 1964 placed with fresh distilled water. The breathing bag is exchanged in a case of severe infection. Bacteriological cultures are made from the humidifier, dosage and patient valves and at other various sites of the machine and must be found negative before the machine can be used again. In practically every case the cultures have been negative after this procedure. Presently a new technique is being evaluated for a more rapid and easier sterilization of the respirator based on the use of the ultrasonic humidifier. The respirator is connected in such a way that the gases may be ventilated in a closed circuit with nitrogen, and 70% alcohol is nebulized into the circuit by the nebulizer for 1 hr (Petersen et al., 1967) . Different bacteriological tests have demonstrated this to be an efficient method, whereby all the inside parts of the machine in connection with the patient may be sterilized. Those tests are now under evaluation and it is our hope that in the future it should be possible to recommend the method for general use. No airfilters are used on our respirators. The risk of direct air contamination is considered low, as most of the patients are treated in isolation rooms with good ventilation.
Patient material
About 100 patients are treated yearly with tracheostomy and respirator. During the last year an increasing number of shorter treatments for 24-48 hr with an endotracheal tube have been employed. The number and type of patients treated during the years 1962-65 is illustrated in Table 2 .
An illustration as to how the resources of the unit are employed is given in the following case-report: A 46-year-old woman was operated upon for the correction of an atrial septal defect and abnormal venous return with the aid of extracorporeal circulation and hypothermia to 32°. The patient exhibited atrial fibrillation for 6 months prior to operation and the heart size was 870 ml/m2. A left-to-right shunt of four times the systemic flow was present and the pressure in the pulmonary artery at rest was 45 mmHg. The working capacity was low, 200 kpm. The correction was without difficulties and the perfusion was uneventful. After the operation the patient was in good general condition, responded well and with an adequate spontaneous respiration.
She was returned to the intensive care unit and was left with spontaneous breathing with 3 litres of oxygen through a nasal catheter. During the night the patient started to bleed and altogether 2500 ml of blood drained from the mediastinum and pericardium. Blood pressure and circulation were good all the time, as the blood was replaced in amounts equal to the loss. Blood pressure fluctuated between 80 and 100 mmHg. Central venous pressure had been high since the end of operation-around [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] cmH2O-which at the time of operation was site of a needle puncture at the time of operation for pressure measurements. This probably explained the blood loss during the night after the operation, as no other bleeding points could be observed. The patient was maintained on the respirator for the next 8 days, as she exhibited signs of left heart failure with radiological signs of pulmonary congestion and slight peripheral oedema. The urinary output became normal immediately after re-operation and remained around 1200 ml daily. The pacemaker was disconnected after 8 days and the final recovery was uneventful. This report illustrates a common aspect of the problems of thoracic intensive care. We have a patient with impaired cardiac function after a major corrective procedure with post-operative bleeding and oliguria. The problem has many facets, diagnostic as well as therapeutic. The constant supervision of the patient with adequate monitoring of ECG, blood pressure and blood-gases, besides X-rays, etc., made it possible to carry the patient through a critical period when the diagnosis was not clear. However, looking retrospectively at the casehistory, it is evident that the thoracic 'rule of thumb', that a blood-loss of more than 1500 ml, even if it can be replaced and circulatory function satisfactorily maintained, is usually a strong indication for a surgical re-exploration, is a valid one. The respirator treatment illustrates how the patient could be relieved of the respiratory work and guaranteed optimal blood gas tensions under the prevailing circumstances. Without the respirator it would have been rather difficult to compensate for the severe changes in metabolic acidosis brought about by a failing peripheral circulation, oliguria and decreased venous and tissue oxygen tension. It also demonstrates that when tracheotomy is performed in such a patient the risk of an acute deterioration of circulation during the procedure is great and adequate monitoring must be available. In this case we waited too long before the tracheotomy was made, a delay which in this particular case was due to other technical reasons. It is interesting to note how rapidly the metabolic acidosis developed after even short periods of cardiac arrest, adequately treated with external massage. This indicates that buffers like THAM and bicarbonate should be used in the acute treatment even without previous analysis of blood gases and acid-base balance.
